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Abstract. To address the issues of taxonomic delimitation and to select the material with
desirable traits for horticultural use, a comprehensive study of the total variability of
morphological characters of two naturally occurring snowdrop species (Galanthus
nivalis L. and Galanthus elwesii Hook.) in the central part of the Balkan Peninsula was
conducted. The analyses were performed for 16 quantitative characters of aboveground
parts of 630 plants collected at 21 geographical points in the territory of the Republic of
Serbia. To identify the trends in morphological differentiation, descriptive, univariate
and multivariate statistical procedures were employed. Most of the examined characters
exhibited moderate degrees of variability (CV from 10% to 20%) and the values of several
characters exceeded the limits of variation stated in literature. Samples were mostly
morphometrically homogeneous, with comparatively high similarity; only four populations of G. nivalis from the southern and southeastern part of the country were discrete. It
is questionable whether these populations merit formal taxonomic recognition at any
infraspecific level, but given their decorative qualities, the selected plants can be
introduced into cultivation as horticultural plants.

Species of the genus Galanthus L. (Amaryllidaceae), known as snowdrops, rank
among the finest garden plants and are
particularly welcomed as early flowering
harbingers of spring. The genus comprises
21 species of bulbous, petaloid monocotyledons, native to Europe, Asia Minor, and the
Near East, with centers of diversity found in
Greece and regions adjacent to the Balkans,
Turkey, and the Caucasus (Davis, 1999,
2001; Tan et al., 2014). Snowdrops are the
world’s most traded wild-sourced bulb genus. As a result of illegal collection, habitat
destruction, and climate change they are
threatened in the wild and several species of
the genus are listed on the International
Union for Conservation of Nature (IUCN)
Red List of Threatened Species. However,
since 1990, all species have been listed in
Appendix II of the Convention on International
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Trade in Endangered Species of Wild
Fauna and Flora, and the trade in wild
specimens has been heavily restricted (IUCN,
2018).
Snowdrops are easy to recognize thanks to
the nearly universal presence of two leaves
and solitary pendant white flowers composed
of six perianth segments, which are arranged
in two whorls with the inner ones being
smaller than the outer and with green markings. However, the species delimitation is
problematic and the infrageneric classification uncertain, which causes problems in the
implementation of trade and conservation
policies (Rønsted et al., 2013). Snowdrops
are difficult to distinguish and classify because
of the lack of clearly definable morphological
characters and the presence of great variability (Davis and Barnett, 1997). Delimitation
of species has been mainly based on leaf
characteristics (color, width, and vernation),
flowering time, the number of green marks on
the inner perianth segments, and distribution
(Zonneveld et al., 2003). Numerous studies
have been conducted in the past few decades
to find taxonomically informative data, including morphological (Budnikov, 2011;
Sidjimova, 2006), anatomical (Davis and
Barnett, 1997), and molecular investigations
(Rønsted et al., 2013; Zonneveld et al.,
2003).

Along with taxonomic research, many regional accounts have been published (Bavcon,
2008; Brickell, 1984; Delipavlov, 1971; Maly,
1904; Pospichal, 1897; Scopoli, 1772; Webb,
1980; Wulfen, 1858; Zeybek and Sauer, 1995)
but the genus has remained insufficiently
investigated in the central part of the Balkan
Peninsula. Chorology and ecology of snowdrops in Serbia have recently undergone
a detailed study (Jovanovic et al., 2016),
indicating that the genus is represented by
two species. The species G. nivalis has a
broad distribution, whereas G. elwesii is
distributed mainly in the eastern part of the
country. The latter is distinguished from the
former by its wider and glaucous leaves,
supervolute vernation and the presence of
a basal mark on the inner perianth segments
(Jovanovic et al., 2016). Before this study,
the genus was mentioned by several authors
(Petkovic et al., 1982; Stjepanovic-Veselicic,
1975); however, due to the different approaches and difficulties in the classification
of the genus, the actual patterns of its diversity and distribution have remained uncertain. Many varieties and forms of G.
nivalis have been recorded in Serbia (Radic,
2000), although no infraspecific taxa are
currently recognized for this species (Davis,
1999, 2001). In addition, there are ambiguous
data that suggest the presence of Galanthus

gracilis Celak.
in the flora of Serbia (Adamovic,
1909; Jovanovic et al., 2012). Thus, a study on
the delimitation of the taxa occurring in the
country has become necessary.
The study of different types of variability
has considerable theoretical and practical
importance, for example, to clarify the problems of systematic characters and to select
the material with desirable traits for practical use. Genetics and ecological adaptability
can also be confirmed by morphologically
variable characteristics (Lavadinovic and
Markovic, 2012). In this study, morphometric analysis of 17 populations of G. nivalis
and four populations of G. elwesii from
Serbia was performed to assess phenotypical
differences among them. The study should
show the nature of their variability and
whether the values of the examined characters are discreet or there is a continuous variability between the samples. In particular, the
aims of the study were to clarify the patterns of
morphological variations and disclose the
level of morphological differentiation within
the analyzed species and to indicate the most
informative characters for the identification of
possible infraspecific taxa. Furthermore, the
article gives a proposal for the introduction of
new breeding material into cultivation.
Materials and Methods
The observation and collection of plant
material were conducted in 21 geographical
points of the Republic of Serbia (Table 1),
during the growing seasons of 2012, 2013,
and 2014. To avoid the influences of specific habitats and microclimate, the collected
plant material was transported to the Faculty of Forestry, University of Belgrade (lat.
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44.782750° N, long. 20.425453° E), planted
in plastic pots and placed outdoors in raised
beds. The material was identified using the
taxonomic keys proposed by Davis (1999, 2001)
and the amended key created for Galanthus in
Serbia (Jovanovic et al., 2016). Voucher specimens were deposited in the Herbarium of the
Institute of Botany and Botanical Garden
‘‘Jevremovac,’’ BEOU (Thiers, 2018).
The morphometric study was carried out
on living material in 2015, at the peak of the
flowering period. Exactly 30 specimens were
taken from each sampled population, following the randomization principle, and studied
with 16 morphometric characters (Table 2).
Additional characteristics, such as leaf color,
vernation, marks on the inner perianth segments,
and flowering time, were observed. All measurements were taken with accuracy of 0.01 mm.
The obtained numerical data were processed using descriptive, univariate, and
multivariate statistical methods. Raw data

were used to calculate mean values (X̅ ) of
all characters and to determine average ±SD
and CV for every mean (Table 2; Supplemental Table 1). Comparison and determination
of the essentiality of the difference between
the means was carried out using the analysis
of variance (ANOVA). The observed morphological characters were studied by comparing the minimum, maximum, and mean
values of different samples with literature
records. Before performing the principal
component analysis (PCA), canonical discriminant analysis (CDA) and a cluster analysis (CA), the morphometric characters were
tested for the normality and collinearity.
After testing several data transformation procedures, the characters departed from the
normality were subjected to Box–Cox transformation (Box and Cox, 1964). PCA was
conducted to show the overall morphological
variation and relationships between individuals
from all populations. CDA was performed to

Table 1. Galanthus nivalis (N) and Galanthus elwesii (E) samples used for analysis.
Sample
N1
N2
N3
N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14
N15
N16
N17
E1
E2
E3
E4

Collection site
Mt. Cemernica, Maskovo
Mt. Ozren, Jermencic
Mt. Tara, Mitrovac
Pcinja gorge, St. Prohor Pcinjski
Mt. Zlatibor, Caldov Vijadukt
Mt. Kopaonik, Jelak
Mt. Fruska Gora, Norcev
Mt. Goc, Trivunacki Potok
Mt. Jastrebac, Prokop
Mt. Belava, Debeli Del
Vrsac Mts., Djakov Vrh
Niska Banja, Banjsko Brdo
Obedska Bara, Plandiste
Mt. Kosmaj, near the monument
Mt. Radan, Gajtan
Bor: Mt. Stol, at the top
Mt. Suva Planina, Malo Konjsko
Svrljig Mts., Ples
Pirot: Crni Vrh, near the antenna
Mt. Vidlic, Basarski Kamen
Sicevo gorge, Kusaca

Coordinates
lat. 43.502089° N, long. 20.036717° E
lat. 43.619272° N, long. 21.834086° E
lat. 43.932111° N, long. 19.448511° E
lat. 42.326583° N, long. 21.897494° E
lat. 43.723130° N, long. 19.688680° E
lat. 43.311740° N, long. 20.856320° E
lat. 45.158272° N, long. 19.863319° E
lat. 43.553800° N, long. 20.775242° E
lat. 43.420681° N, long. 21.380947° E
lat. 43.202075° N, long. 22.455447° E
lat. 45.129775° N, long. 21.347092° E
lat. 43.289153° N, long. 22.009783° E
lat. 44.707370° N, long. 20.026640° E
lat. 44.470060° N, long. 20.572710° E
lat. 43.002406° N, long. 21.477114° E
lat. 44.177050° N, long. 22.135344° E
lat. 43.163681° N, long. 22.255658° E
lat. 43.351675° N, long. 22.165172° E
lat. 43.182544° N, long. 22.652589° E
lat. 43.177319° N, long. 22.684847° E
lat. 43.323167° N, long. 22.079094° E

Voucher
BEOU16779
BEOU16781
BEOU16782
BEOU16783
BEOU16784
BEOU16785
BEOU16786
BEOU16788
BEOU16790
BEOU16791
BEOU16792
BEOU16793
BEOU16796
BEOU16798
BEOU16799
BEOU16800
BEOU16882
BEOU16801
BEOU16802
BEOU16803
BEOU16637

check the hypothesis that the analyzed sample
was composed of discrete groups morphologically differentiated one from another. Overall
differences between the compared groups were
defined by Euclidean distances used in the
clustering analysis according to the unweighted
pair group method with arithmetic mean
(Sneath and Sokal, 1973). All statistical analyses were performed with Statistica (1997;
StatSoft, Inc., Tulsa, OK).
Results and Discussion
Based on the measurements of 16 morphological characters of 17 samples of G.
nivalis (N1–17) and four samples of G.
elwesii (E1–4), an overview was made covering the total variability of these species on
the territory of Serbia (Table 2; Supplemental
Table 1). In comparison with literature data
(Supplemental Table 2), the minimum values
of sheet diameter in almost all analyzed
samples (except N17) and the mean values
in about half of the samples were smaller than
the minimum size stated for the feature
(5 mm) (Davis, 1999, 2001). The maximum
value of sheet diameter in N17 exceeded the
upper limit given in the literature (8 mm)
(Davis, 2001). Leaves were green (N1, N3,
N5, N8, and N11) to glaucous (N10, N16;
E1–4) and variable in vernation (E1–4). The
smallest mean values of leaf width (N2, N4,
and N12) were close to the lower limit
recorded in the literature (2 mm) (Zahariadi,
1966), and the samples represented a distinct
homogeneous group based on the statistical
difference detected between the means. Two
of these samples (N4 and N12) had other
conspicuous characteristics, such as glaucous
central stripe on the leaves and early flowering. All samples of G. elwesii had unusually
narrow leaves and the values fitted well into the
data range of leaf widths given for closely related
species G. gracilis [from (2)3 to 12(23) mm]
(Davis, 2001). The maximum values of

Table 2. Descriptive statistics (N = number of measured cases, X̅ = mean, MIN = minimum value, MAX = maximum value, SD, CV), factor loadings of principal
component analysis (PCA1 and PCA2), and discriminant loadings of canonical discriminant analysis (CDA1 and CDA2) related to morphometric characters
of Galanthus nivalis and Galanthus elwesii (all measures in mm).
N

X̅

G. nivalis
MIN MAX

SD

CV

N

X̅

G. elwesii
MIN MAX

SD

CV

PCA
PCA1 PCA2
6.79 1.81
52.27 13.94
0.61 0.21
—
—z
0.70y –0.42
—
—
0.75 0.31
0.82 –0.03
—
—
0.74 0.54
0.88 –0.18
0.85 –0.10
0.80 0.25
–0,03 0.89

CDA
CDA1 CDA2
6.48 2.68
42.79 17.74
–0.22 0.24
—
—
1.04 0.70
—
—
–0.33 –0.21
–0.15 0.23
—
—
-3.02 2.43
0.88 0.20
2.49 -2.81
–0.64 0.25
1.09 -1.32

ANOVA
F
P

Eigenvalue
Percentage
Sheet diameter
510 5.11 3.26 8.60 0.86 16.94 120 4.95 2.50 7.40 0.82 16.60
20.04
38.05
Leaf length
510 160.26 59.97 246.26 38.58 24.07 120 160.34 65.40 245.04 37.98 23.69
91.49
Leaf width
510 7.76 4.84 11.24 1.24 16.04 120 10.91 8.40 13.85 1.24 11.33
Scape height
510 168.17 58.24 275.35 32.95 19.59 120 154.48 84.17 216.63 24.33 15.75
23.65
Spathe length
510 34.25 20.95 50.97 5.28 15.40 120 35.50 25.27 46.30 4.15 11.68
16.77
Spathe width
510 5.09 2.88 7.90 0.86 16.91 120 5.58 3.75 8.00 0.92 16.53
22.74
Pedicel length
510 18.84 4.47 31.43 5.22 27.68 120 12.32 1.30 30.01 5.05 40.99
21.94
Length of outer perianth segments 510 19.94 12.90 28.02 2.85 14.28 120 19.91 14.50 25.09 2.45 12.31
15.95
Width of outer perianth segments 510 8.39 3.45 13.20 1.70 20.20 120 10.56 6.71 14.08 1.88 17.76
33.67
Length of inner perianth segments 510 9.71 6.60 13.03 1.13 11.63 120 11.35 8.50 13.70 1.02 9.01
30.47
Width of inner perianth segments 510 6.72 3.43 10.06 1.03 15.29 120 7.03 4.48 9.22 1.04 14.81
22.59
Ratio of lengths of outer to
510 2.05 1.57 2.53 0.15 7.47 120 1.75 1.44 2.19 0.14 7.87
49.36
inner p. s.
Ratio of widths of outer to
510 1.25 0.60 1.77 0.17 13.39 120 1.50 1.12 1.86 0.14 9.50 0.49 –0.52 –0.16 –0.17 41.18
inner p. s.
Stamen length
510 7.01 5.50 8.74 0.55 7.82 120 7.15 5.97 8.35 0.57 7.98 0.70 0.05 –0.20 0.84 18.85
Ovary diameter
510 3.56 2.05 5.25 0.50 14.01 120 4.06 2.38 5.60 0.59 14.47 0.80 0.01 –0.21 –0.43 19.66
Style length
510 7.85 5.18 9.95 0.81 10.30 120 9.08 7.45 10.88 0.69 7.59 0.80 –0.18 0.22 -0.81 43.74
z
Multivariate analysis not performed.
y
Boldfaced values denote variables with loadings >0.7 for PCA and CDA, and P < 0.05 for analysis of variance (ANOVA).
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0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
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spathe length in all samples of G. elwesii
exceeded the maximum size stated in the
literature not only for the species, but also for
the genus (40 mm) (Davis, 2001). No literature data were found on the spathe width of
G. elwesii, but according to Davis (1999,
2001) and Flora Vascular (2018), it should
not exceed 5 mm in the genus and 3.1 mm in
G. nivalis. In our study, all maximum values
and almost all mean values in both studied
species (except in E4) exceeded these limits.
This could be explained by the fact our data
were obtained by measuring widely opened
spathes, whereas those given in literature
might have been determined at the spathe’s
natural position or from herbarium specimens. The minimum values of pedicel length
in most of the samples of G. nivalis (except
N4, N6, N7, N12, and N14) were smaller than
that recorded in the literature (12 mm)
(Davis, 1999, 2001). All minimum values
of pedicel length in G. elwesii were smaller
than that stated for G. elwesii (14 mm)
(Davis, 2001) and even for generally smaller
G. gracilis (10 mm) (Davis, 2001). The same
applies to the mean values (except in E4)
compared with the data given for G. elwesii
and the mean value in E1 compared with the
data given for G. gracilis. However, it must
be pointed out that our data refer to the part of
pedicel emerging from the spathe, whereas
literature data probably refer to the pedicel as
a whole. The mean values of the length of
outer perianth segments in G. elwesii were
close to the lower limit given in the literature
(15 mm) (Webb, 1980) and the minimum
value in E2 exceeded the limit. The minimum
value of the width of outer segments in E4
exceeded the lower limit given in the literature (7 mm) (Zeybek and Sauer, 1995),
whereas the mean value was close to the
same limit. Inner perianth segments occasionally had flared apices (one specimen in
N16; E1–4) and variable marks. The maximum values of the width of the inner perianth
segments in G. elwesii exceeded the literature
records (8 mm) (Brickell, 1984; Davis,
2001), whereas the mean values were close
to the limit. In some populations (N17;
E1–3), the maximum values of stamen length
were larger than those stated in the literature
for G. nivalis (8.6 mm) (Flora Vascular,
2018) and G. elwesii (8 mm) (Delipavlov,
1971). The mean values of ovary diameter in
almost all samples of G. elwesii (except E3)
were close to that recorded in G. gracilis
(4 mm) (Stern, 1956), whereas the minimum
value was close to that stated for the genus
(2 mm) (Davis, 1999). The minimum values
of style length in almost all samples of G.
nivalis (except N6, N8, N10, and N17) were
smaller than that given for the species (7.1
mm) (Flora Vascular, 2018), and in nine
samples (N1–3, N7, N9, N11–13, and N15)
they were smaller than that given for the genus
(6.6 mm) (Davis, 2001). The maximum values
of style length in seven samples of G. nivalis
(N2, N4, N6, N8, N10, N16, and N17) were
larger than that recorded in the literature
(9 mm) (Stern, 1956), whereas the maximum
values in all samples of G. elwesii, as well as
HORTSCIENCE VOL. 53(8) AUGUST 2018

the average values in E1 and E2, exceeded the
maximum size given not only for the species,
but also for the genus (9 mm) (Davis, 2001).
Finally, the style in snowdrops should be longer
than the stamens (Brickell, 1984) but in N15 it
is shorter.

In the ANOVA, most of the characters in
both studied species exhibited moderate degrees of variability among populations (CV
from 10% to 20%) (Table 2), confirming
Budnikov (2011) and Sidjimova (2006).
Within the group of highly variable characters,

Fig. 1. Box and whisker plots of basic parameters of characters with the highest F ratios: (A) leaf width, (B)
ratio of lengths of outer to inner perianth segments, (C) ratio of widths of outer to inner perianth
segments, (D) style length. Middle sign = mean, middle line = median, box = mean, and standard
deviation, whisker = variation range (all measures in mm).
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CV were significantly higher than 20%, and
they were as follows: pedicel length up to
39.73%, leaf length up to 30.88%, and scape
height up to 24.61%. The lowest CV were
found for the ratio of lengths of outer to inner
perianth segments (from 3.04% to 11.96%),
stamen length (from 4.46% to 7.98%), style
length (from 5.31% to 11.26%), and the
length of inner perianth segments (from
7.15% to 12.73%) (Supplemental Table 1).
However, in contrast to these results, some
other features of some populations of G.
nivalis from western Ukraine (leaf width,
spathe length, width of outer perianth segments, and ovary diameter) were also highly
variable (Budnikov, 2011) and the most variable feature of G. elwesii in Bulgaria was the
width of leaves (CV from 15.3% to 28.9%)
(Sidjimova, 2006). In addition, Korkut
(1994) found great variability of all the
measured characters of G. elwesii, except
for the length of inner perianth segments.
Analysis of variance revealed significant
differences in all of the characters examined
and significant contribution of all of the
characters to the differentiation of populations (Table 2). The characters that contributed to the minimum extent, although still
significant, were the following: length of
outer perianth segments, spathe length, and
stamens length. By contrast, leaf width, ratios
of lengths and widths of outer to inner
perianth segments, as well as style length,
highly contributed to the differentiation of
populations, as shown in Fig. 1A–D. Regarding other characters, different populations contributed in varying degrees to the
general differentiation. For most characters
analyzed, populations E1, E2, N9, N13, and
N15 contributed the most to differentiation.
Given the high variability of leaf length,
pedicel length, and scape height, multivariate
statistical procedures were carried out using
the remaining 13 morphometric characters.
Similar to the results of Korkut (1994), eight
characters (sheet diameter, leaf width, spathe
width, length and width of outer perianth
segments, length of inner perianth segments,
ratio of lengths of outer to inner perianth
segments, and ovary diameter) departed from
the normality and they were transformed.
The first two principal components, with
eigenvalues >1, explained 66.21% of the
total variation. Most of the variation was
explained by the first axis (52.27%) and
13.94% by the second one. Several characters, with factor loadings >0.70, influenced
the first axis (length and width of outer
perianth segments, length and width of inner
perianth segments, spathe length and width,
ovary diameter, style length, and leaf width),
whereas the second axis was influenced by
the ratio of lengths of outer to inner perianth
segments (Table 2). Being much less pronounced than the variation of size (the first
axis), the variation of shape (the second axis)
resulted in the separation of populations along
the second axis. Corresponding to the two
studied species, two groups of populations
are formed, as shown in Fig. 2A. Populations
of G. nivalis formed a group mainly at the
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positive part of the second axis, whereas the
populations of G. elwesii are separated as
a group at the negative part of the same axis.
There is a certain overlap between these two
groups, including populations N15 and E4
and individuals from N3 and N17. No clear
differentiation within these two groups is
visible, only a trend of separation of N9 from
the rest of populations of G. nivalis along the
second axis. Dispersive distribution of individuals, originating from different populations of G. elwesii, indicates that the variation

within these populations is at a similar level
or greater than the variation between the
populations.
In the CDA, the first function accounted
for 42.79% of the discrimination and the
second one discriminated another 17.74%.
Four characters, with factor loadings >0.70,
are responsible for the differentiation along
both axes (leaf width, lengths of outer and
inner perianth segments, and ratio of lengths
of outer to inner perianth segments). One
additional character (width of outer perianth

Fig. 2. (A) Principal component analysis (PCA) and (B) canonical discriminant analysis scatterplots of 17
samples of Galanthus nivalis (N1–17) and four samples of Galanthus elwesii (E1–4) based on 13
morphometric characters.
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segments) influenced the first axis and two
additional characters (stamen length and
style length) influenced the second one
(Table 2). CDA resulted in two morphologically differentiated entities, along the first
axis, as shown in Fig. 2B. Similar to the
results of PCA, populations of G. nivalis
formed one group, whereas populations of
G. elwesii formed the other group. There is
a certain overlap between these two groups,
including samples N11 and E4 and individuals from N2 and E3. Within the group of
populations of G. nivalis, population N4 is
separated from the other at the positive part of
the second axis and there is a trend of
separation of N2 and N12 along the same
discriminant axis. On the other hand, there is
no clear differentiation between the samples
of G. elwesii. Classificatory discriminant
analysis showed that the percentage of correctly classified individuals from the studied
populations is not less than 73%, except in
N14 (60%). In addition, in more than half of
the populations, this percentage is more than
80% (N7, N10, N11, and N13; E1–4) and
90% (N4, N12, N15, and N16) (Supplemental Table 3).
In the CA, the samples are differentiated
into two main clusters, as shown in Fig. 3.
The first cluster consists of populations of G.
nivalis and the second cluster is formed of
populations of G. elwesii, similar to the
results of PCA and CDA. Within the first
main cluster, there are three groups, suggesting that significant phenotypic differences
exist among these groups of samples. The
first group includes 13 samples from northern, western, central, and eastern Serbia (N1,

N3, N5–11, N13, N14, N16, and N17), which
are morphometrically homogeneous, with
comparatively high similarity. Three populations, originating from southeastern Serbia
(N2, N4, and N12) formed the second group.
The third group, containing only N15, is
formed at the greatest linkage distance within
the first cluster. In the cluster of G. elwesii, all
samples have a great similarity and small
linkage distances from the overall similarity
line.
The multivariate morphometric analysis
(CDA) and, particularly, the CA show that
the analyzed populations are morphometrically differentiated into several distinct
groups (subclusters). According to the classificatory analysis, the percentages of correctly classified individuals within these
groups are 97%, 94%, 97%, and 98%, respectively. The first group combines populations originating from various sites of the
country, whereas the second, the third, and
the fourth groups bring together geographically neighboring populations. Grouped in
the second subcluster, populations of G.
nivalis from southeastern Serbia, specifically
Pcinja gorge (N4), Mt. Ozren (N2), and Niska
Banja (N12) are distinguishable from the
others by their narrow leaves, which often
possess a conspicuous stripe of wax running
along the central vein. Similar populations
from the southern half of the Central Balkans
have been recorded in the literature (Davis,
1999, 2001) but referring to Croatia and
Montenegro. The population from Mt. Radan
(N15), representing the third subcluster, is
easily recognizable by its styles that are
shorter than the stamens. Because the study

Fig. 3. Unweighted pair group method with arithmetic mean dendrogram of relationships of 17 samples of
Galanthus nivalis (N1–17) and four samples of Galanthus elwesii (E1–4) based on 13 morphometric
characters.
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was conducted in experimental conditions,
the observed differentiation could be caused
by genetic or evolutionary factors and it
would not be surprising if cryptic taxa exist
within what is presently known as G. nivalis.
Cryptic species G. samothracicus Tan & Biel
(resembling G. nivalis) have recently been
described in Greece (Tan et al., 2014), confirming the opinion that the phenomenon of
cryptic speciation is an important factor in
assessing the species diversity on the Balkan
Peninsula. However, in conformity with the
opinion of Davis (1999), regional variants of
G. nivalis should not be recognized in a formal taxonomic manner because that would
cause instability in already complex and
difficult classification of the genus. Variability of G. nivalis is considered attributable to
its wide distribution (Davis, 1999, 2001).
Although it is possible that some infraspecific
taxa will need to be recognized after further
research (Davis, 2001), a comprehensive molecular and phylogenetic study is required.
On the other hand, G. elwesii is often
confused with G. gracilis (Adamovic, 1909;
Jovanovic et al., 2012). They have the same
type of marks on the inner perianth segments
and the same leaf coloration. The key distinguishing character is vernation, which is
applanate in G. gracilis and supervolute in G.
elwesii. In addition, the apex of the inner
perianth segments is usually flared in G.
gracilis, whereas in G. elwesii it is more or
less straight (Davis, 1999, 2001). In our study,
leaf width and vernation, apex of inner
perianth segments, and ovary diameter of
the samples of G. elwesii corresponded both
to G. elwesii and G. gracilis. Similar findings
have been reported by Sidjimova (2006),
including the width of leaves, width of outer
perianth segments, and length and width of
inner perianth segments. However, the CA
showed comparatively high similarity between the samples. Moreover, according to
Rønsted et al. (2013), narrow leaves, variable
vernation, and smaller plant size are common
traits of Balkan G. elwesii compared with its
Turkish representatives. Therefore, we do not
consider G. gracilis to be present in Serbia. In
fact, G. elwesii occurring in the Balkans may
represent a distinct taxon or even a separate
species (Rønsted et al., 2013), and its taxonomical status need to be revised in keeping
with the results of future investigations.
The results of the study contribute to the
general knowledge of the morphological
variability of snowdrops in the central part
of the Balkan Peninsula. Regardless of the
matter of formal taxonomic recognition, variants possessing desirable traits can be introduced into cultivation as horticultural
plants. Snowdrops have been known in horticulture of the western countries for a long
time but in Serbia we still fail to use them
widely; they are almost exclusively grown in
private gardens. In our opinion, populations
of G. nivalis from southeastern Serbia, especially Pcinja gorge (N4) and Niska Banja
(N12) and all samples of G. elwesii have high
decorative qualities, representing an excellent
starting material for cultivation and breeding
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new cultivated taxa for decoration of both
gardens and parks. The results will also be
valuable for the management and protection of the wild snowdrop taxa occurring in
Serbia.
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1

E4

E3

E2

E1

N17

N16

N15

N14

N13

N12

N11

N10

N9

N8

N7

N6

N5

N4

N3

N2

Sample
N1

Sheet
diam (mm)
4.93 ± 0.57z ef
3.60–6.08 (11.61)
4.92 ± 0.82 ef
3.50–6.40 (16.75)
5.82 ± 0.76 b
4.64–7.09 (13.00)
4.51 ± 0.71 gh
3.42–5.80 (15.78)
5.48 ± 0.57 c
4.21–6.70 (10.42)
6.04 ± 0.82 b
4.90–7.60 (13.61)
4.39 ± 0.57 h
3.30–5.75 (13.03)
5.36 ± 0.75 cd
3.89–6.70 (14.05)
5.17 ± 0.73 cde
3.42–7.19 (14.19)
5.23 ± 0.58 cde
3.68–6.18 (11.16)
4.98 ± 0.57 ef
3.60–6.45 (11.54)
4.82 ± 0.57 fg
3.55–6.04 (11.82)
4.43 ± 0.57 h
3.26–5.40 (12.89)
4.42 ± 0.57 h
3.31–5.45 (12.90)
4.58 ± 0.53 gh
3.48–5.50 (11.70)
5.35 ± 0.64 cd
3.80–6.95 (11.92)
6.38 ± 0.74 a
5.20–8.60 (11.58)
5.40 ± 0.80 cd
4.00–7.40 (14.76)
4.94 ± 0.62 ef
4.00–6.40 (12.56)
5.06 ± 0.70 def
4.00–6.76 (13.93)
4.39 ± 0.84 h
2.50–6.56 (19.22)

Leaf length (mm)
186.45 ± 22.74 bc
134.40–227.24 (12.20)
104.38 ± 32.24 h
59.97–158.24 (30.89)
161.90 ± 24.05 ef
110.86–211.69 (14.85)
118.72 ± 22.58 g
85.07–163.30 (19.02)
187.96 ± 22.87 bc
138.20–226.84 (12.16)
182.07 ± 22.83 cd
135.85–228.8 (12.54)
182.46 ± 32.37 cd
125.58–228.06 (17.74)
179.03 ± 26.95 cd
109.10–225.50 (15.05)
205.46 ± 25.07 a
151.45–243.55 (12.20)
150.74 ± 23.23 f
101.88–211.10 (15.41)
174.81 ± 23.23 cde
131.20–226.12 (13.29)
130.50 ± 32.34 g
77.48–199.30 (24.78)
169.87 ± 22.75 de
132.54–217.05 (13.39)
152.15 ± 26.42 f
77.95–203.86 (17.37)
104.95 ± 19.87 h
70.44–149.38 (18.94)
151.75 ± 22.78 f
100.90–210.00 (15.01)
181.21 ± 26.23 cd
125.83–246.26 (14.47)
152.10 ± 37.87 f
72.44–207.61 (24.90)
198.84 ± 22.75 ab
157.00–245.04 (11.44)
127.73 ± 25.12 g
65.40–169.43 (19.66)
162.69 ± 25.04 ef
117.00–199.90 (15.39)

Leaf width (mm)
8.19 ± 0.85 e
6.61–9.70 (10.43)
6.46 ± 0.73 i
5.00–8.28 (11.33)
9.21 ± 0.90 d
7.10–10.84 (9.76)
6.25 ± 0.73 i
4.84–7.54 (11.76)
8.92 ± 0.89 d
7.11–10.61 (9.94)
9.09 ± 1.04 d
6.84–10.99 (11.50)
7.61 ± 1.05 fg
5.90–9.36 (13.81)
7.80 ± 1.00 efg
6.46–10.04 (12.88)
8.23 ± 0.76 e
6.39–9.45 (9.18)
7.68 ± 0.77 fg
6.33–9.55 (10.01)
7.39 ± 0.85 gh
5.70–9.46 (11.54)
6.23 ± 0.82 i
5.00–8.00 (13.11)
7.00 ± 0.73 h
5.50–8.83 (10.43)
7.58 ± 0.73 fg
5.88–8.98 (9.59)
7.41 ± 0.74 gh
6.03–8.90 (10.03)
7.98 ± 0.76 ef
6.30–9.90 (9.58)
8.91 ± 1.08 d
6.85–11.24 (12.12)
11.02 ± 1.04 b
8.40–12.85 (9.40)
11.86 ± 1.01 a
10.10–13.85 (8.49)
10.92 ± 1.02 b
9.40–13.00 (9.37)
9.83 ± 0.99 c
8.53–12.08 (10.10)

Scape ht (mm)
189.00 ± 21.00 b
144.84–230.86 (11.11)
127.97 ± 31.50 h
58.24–170.13 (24.61)
145.93 ± 22.81 g
96.00–178.98 (15.63)
161.26 ± 19.60 ef
120.10–187.00 (12.15)
161.39 ± 24.03 ef
113.25–220.01 (14.89)
176.50 ± 23.08 cd
119.57–219.4 (13.08)
188.03 ± 25.44 bc
141.50–239.30 (13.53)
169.14 ± 32.10 de
96.16–219.67 (18.98)
201.57 ± 27.32 a
150.12–245.92 (13.55)
179.46 ± 21.52 bcd
137.92–220.7 (11.99)
186.92 ± 23.01 bc
131.79–235.35 (12.31)
158.29 ± 20.79 ef
122.10–198.22 (13.13)
180.78 ± 21.85 bcd
122.34–224.14 (12.09)
151.36 ± 21.59 fg
93.19–179.91 (14.26)
113.96 ± 22.83 i
60.90–164.60 (20.04)
179.47 ± 19.73 bcd
140.20–228.20 (10.99)
187.82 ± 30.16 bc
132.85–275.35 (16.06)
152.97 ± 31.16 fg
84.17–202.42 (20.37)
157.09 ± 20.08 fg
103.66–207.20 (12.78)
149.65 ± 22.05 fg
102.88–199.14 (14.73)
158.20 ± 22.81 efg
122.61–216.63 (14.42)

Spathe length (mm)
33.76 ± 4.17 ghij
27.48–40.50 (12.37)
33.05 ± 4.00 ij
25.63–43.77 (12.11)
34.63 ± 3.81 efghi
26.30–45.10 (10.99)
38.08 ± 3.95 bc
30.04–44.50 (10.38)
33.97 ± 3.68 fghij
29.19–41.35 (10.82)
40.75 ± 5.82 a
28.39–50.97 (14.28)
34.78 ± 5.29 efghi
24.88–43.92 (15.22)
36.38 ± 3.62 cde
27.00–43.62 (9.95)
35.90 ± 4.00 def
28.18–46.10 (11.13)
32.20 ± 3.90 j
23.15–39.00 (12.08)
29.26 ± 3.90 k
23.00–36.80 (13.31)
32.81 ± 4.07 ij
24.62–39.20 (12.41)
28.24 ± 3.73 k
20.95–38.20 (13.19)
33.66 ± 4.18 hij
27.70–41.04 (12.43)
29.08 ± 3.85 k
21.11–36.80 (13.26)
37.09 ± 4.27 bcd
27.15–42.00 (11.51)
38.62 ± 3.86 b
30.40–48.71 (10.00)
35.38 ± 3.75 defgh
27.00–42.40 (10.59)
34.79 ± 3.81 efghi
25.27–40.92 (10.96)
35.83 ± 3.39 defg
28.75–43.58 (9.47)
36.01 ± 5.43 cdef
25.65–46.30 (15.09)

Spathe
width (mm)
5.08 ± 0.58 fghi
3.68–6.51 (11.35)
4.42 ± 0.69 jk
3.40–6.20 (15.63)
5.50 ± 0.72 de
3.91–7.31 (13.17)
4.97 ± 0.59 ghi
3.46–6.37 (11.87)
5.29 ± 0.63 efg
4.04–6.91 (11.87)
5.71 ± 0.94 bcd
3.64–7.00 (16.52)
5.38 ± 0.70 def
4.10–6.64 (13.07)
5.13 ± 0.60 fgh
3.40–6.50 (11.69)
5.09 ± 0.61 fghi
3.73–6.33 (11.90)
5.53 ± 0.57 de
4.40–6.72 (10.38)
4.92 ± 0.58 hi
3.44–6.26 (11.77)
4.30 ± 0.61 k
2.88–5.80 (14.31)
4.34 ± 0.58 k
3.08–5.82 (13.30)
4.87 ± 0.69 hi
3.52–6.07 (14.16)
4.47 ± 0.58 jk
3.50–5.69 (13.03)
4.93 ± 0.82 hi
3.60–6.35 (16.67)
6.62 ± 0.63 a
5.45–7.90 (9.50)
6.04 ± 0.89 b
4.73–8.00 (14.80)
5.88 ± 0.61 bc
4.71–7.00 (10.36)
5.64 ± 0.93 cd
4.34–7.65 (16.40)
4.75 ± 0.65 ij
3.75–6.40 (13.77)

Pedicel
length (mm)
15.99 ± 5.15 fg
11.17–24.42 (32.20)
18.35 ± 5.39 de
9.51–25.73 (29.38)
16.71 ± 4.39 ef
8.30–24.55 (26.27)
22.23 ± 3.85 ab
13.64–29.85 (17.32)
14.11 ± 3.74 gh
4.47–21.44 (26.49)
21.83 ± 5.34 abc
12.26–28.43 (24.48)
22.08 ± 3.91 ab
15.39–29.08 (17.68)
17.04 ± 3.76 ef
9.72–26.58 (22.08)
20.37 ± 3.93 bcd
11.30–29.41 (19.27)
20.43 ± 3.78 bcd
11.60–29.60 (18.51)
19.52 ± 5.40 d
11.09–28.21 (27.66)
19.32 ± 3.76 d
13.50–30.08 (19.44)
16.97 ± 3.79 ef
9.35–27.21 (22.34)
22.74 ± 3.81 a
14.17–30.26 (16.74)
13.42 ± 5.33 h
5.40–21.61 (39.73)
19.56 ± 5.35 d
11.42–29.00 (27.37)
19.66 ± 5.33 cd
10.57–31.43 (27.11)
8.71 ± 3.75 i
1.30–16.64 (43.02)
11.91 ± 3.76 h
5.30–20.10 (31.62)
12.11 ± 3.85 h
3.84–20.64 (31.78)
16.56 ± 5.42 ef
8.86–30.01 (32.70)

Supplemental Table 1. Descriptive and univariate statistics for 16 morphometric characters of 17 samples of Galanthus nivalis (N1–17) and four samples of Galanthus elwesii (E1–4).
Length of
outer perianth
segments (mm)
18.04 ± 1.82 k
13.80–21.23 (10.10)
19.59 ± 2.75 fghi
14.12–24.90 (14.05)
19.01 ± 2.40 ghijk
14.20–24.55 (12.62)
23.45 ± 2.76 a
19.26–28.02 (11.78)
18.41 ± 2.16 jk
13.61–23.26 (11.75)
23.06 ± 2.80 ab
18.44–26.65 (12.15)
21.47 ± 2.14 cd
17.06–25.50 (9.95)
20.16 ± 1.89 efg
16.00–23.37 (9.36)
22.27 ± 2.10 bc
18.74–26.26 (9.42)
20.57 ± 2.13 def
16.53–25.66 (10.35)
18.06 ± 2.09 k
12.90–20.90 (11.60)
20.11 ± 2.48 efg
14.48–27.10 (12.32)
16.80 ± 1.87 l
13.74–21.24 (11.10)
18.85 ± 2.17 hijk
14.99–23.31 (11.49)
18.47 ± 2.15 ijk
14.78–22.95 (11.64)
19.66 ± 2.02 fgh
14.58–24.73 (10.27)
21.01 ± 1.95 de
16.85–24.30 (9.29)
20.16 ± 1.99 efg
16.10–24.90 (9.88)
19.55 ± 2.24 fghij
14.50–22.34 (11.47)
19.94 ± 2.78 efgh
15.24–24.62 (13.94)
20.00 ± 2.78 efgh
15.65–25.09 (13.92)
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Length of
Ratio of widths
inner perianth
of outer to
Width of outer
Width of inner
Ratio of lengths
Sample
perianth segments (mm)
segments (mm)
perianth segments (mm)
of outer to inner per. segments
inner per. segments
Stamen length (mm)
N1
7.99 ± 1.10 ghi
9.08 ± 0.73 h
6.62 ± 0.66 defg
1.98 ± 0.06 h
1.21 ± 0.14 ij
6.74 ± 0.38 ghi
5.38–9.70 (13.72)
7.26–10.60 (8.06)
5.20–8.10 (9.91)
1.88–2.08 (3.04)
0.83–1.47 (11.88)
5.80–7.40 (5.71)
N2
6.67 ± 1.41 jk
9.29 ± 1.11 gh
6.08 ± 0.90 hi
2.10 ± 0.11 cde
1.09 ± 0.15 k
6.36 ± 0.42 j
3.64–8.78 (21.15)
6.72–11.45 (11.92)
4.15–7.46 (14.84)
1.87–2.30 (5.05)
0.85–1.44 (14.12)
5.50–7.20 (6.68)
N3
8.54 ± 1.23 fg
9.26 ± 0.87 gh
6.62 ± 0.75 defg
2.05 ± 0.12 defg
1.29 ± 0.09 fgh
7.11 ± 0.50 def
5.31–10.73 (14.39)
7.44–10.87 (9.38)
5.10–7.90 (11.27)
1.80–2.33 (5.65)
1.04–1.43 (7.02)
6.24–8.20 (7.02)
N4
8.61 ± 1.10 fg
11.16 ± 0.88 ab
6.71 ± 0.75 def
2.10 ± 0.14 cdef
1.29 ± 0.10 fgh
7.22 ± 0.42 cde
6.00–10.78 (12.75)
8.85–12.56 (7.90)
5.20–8.24 (11.11)
1.90–2.36 (6.45)
1.08–1.56 (7.78)
6.06–8.10 (5.79)
N5
8.17 ± 1.20 gh
9.62 ± 1.03 fg
6.71 ± 0.74 de
1.91 ± 0.12 i
1.22 ± 0.10 ij
6.96 ± 0.39 fg
5.29–10.88 (14.63)
8.00–12.30 (10.72)
5.16–8.30 (11.02)
1.62–2.23 (6.53)
1.03–1.42 (8.62)
6.21–7.86 (5.65)
N6
9.56 ± 1.68 de
10.61 ± 1.35 cd
7.49 ± 0.88 b
2.18 ± 0.07 ab
1.27 ± 0.14 fghi
7.44 ± 0.55 bc
6.02–12.61 (17.60)
8.02–12.65 (12.73)
5.80–9.18 (11.79)
2.03–2.37 (3.41)
0.98–1.49 (10.64)
6.35–8.21 (7.35)
N7
8.35 ± 1.22 fg
10.20 ± 0.81 de
6.38 ± 0.75 efghi
2.10 ± 0.15 cd
1.31 ± 0.14 efg
7.12 ± 0.50 def
6.46–10.30 (14.63)
8.40–11.54 (7.97)
4.98–8.20 (11.83)
1.72–2.51 (7.01)
1.12–1.70 (10.66)
6.12–8.22 (6.98)
N8
9.65 ± 1.34 d
9.27 ± 0.74 gh
6.70 ± 0.59 def
2.18 ± 0.11 ab
1.44 ± 0.14 bc
6.56 ± 0.39 ij
6.58–11.60 (13.85)
8.05–10.50 (8.03)
5.39–7.76 (8.84)
1.94–2.49 (5.28)
1.14–1.77 (9.42)
5.80–7.32 (5.94)
N9
7.55 ± 1.21 hi
10.09 ± 0.80 e
7.56 ± 0.62 ab
2.21 ± 0.15 a
1.00 ± 0.15 l
6.77 ± 0.36 ghi
5.10–9.91 (16.00)
8.16–11.70 (7.93)
5.84–8.76 (8.25)
1.90–2.53 (6.66)
0.60–1.31 (15.31)
5.85–7.67 (5.33)
N10
8.46 ± 1.21 fg
10.07 ± 0.77 ef
7.32 ± 0.84 bc
2.04 ± 0.11 efgh
1.16 ± 0.10 jk
7.09 ± 0.37 def
5.90–10.66 (14.28)
8.03–11.63 (7.66)
5.70–8.70 (11.48)
1.74–2.21 (5.29)
0.97–1.41 (8.39)
6.20–8.00 (5.16)
N11
7.41 ± 1.21 i
10.15 ± 0.97 de
6.39 ± 0.70 efgh
1.78 ± 0.12 jk
1.16 ± 0.10 jk
6.59 ± 0.44 hi
4.80–10.01 (16.26)
7.90–11.44 (9.52)
4.49–7.68 (10.95)
1.57–2.08 (6.57)
0.97–1.39 (8.38)
5.64–7.68 (6.71)
N12
8.96 ± 1.30 ef
10.07 ± 0.95 ef
7.19 ± 0.93 bc
1.99 ± 0.11 gh
1.25 ± 0.15 ghi
7.10 ± 0.45 def
6.32–10.95 (14.46)
8.20–12.62 (9.48)
5.31–9.30 (12.98)
1.66–2.18 (5.50)
0.94–1.59 (11.63)
6.18–8.10 (6.28)
N13
6.10 ± 1.21 k
8.27 ± 0.86 i
4.93 ± 0.67 j
2.03 ± 0.14 gh
1.23 ± 0.16 hi
6.92 ± 0.39 fg
3.45–8.61 (19.85)
6.60–10.56 (10.39)
3.43–6.58 (13.60)
1.81–2.44 (6.88)
0.99–1.52 (13.29)
6.24–7.77 (5.70)
N14
7.36 ± 1.26 ij
9.20 ± 0.76 gh
6.31 ± 0.67 fghi
2.05 ± 0.11 defg
1.16 ± 0.12 j
6.81 ± 0.54 gh
5.72–10.48 (17.12)
8.30–11.00 (8.28)
5.33–7.40 (10.55)
1.78–2.29 (5.20)
0.87–1.42 (9.91)
6.08–7.76 (7.98)
N15
8.64 ± 1.26 fg
9.05 ± 0.81 h
5.98 ± 0.75 i
2.04 ± 0.10 fgh
1.44 ± 0.09 bc
7.31 ± 0.33 cd
6.80–11.84 (14.53)
7.42–11.00 (9.00)
4.76–7.57 (12.49)
1.83–2.31 (4.68)
1.22–1.61 (5.96)
6.70–8.00 (4.46)
N16
10.10 ± 1.25 cd
9.24 ± 0.67 gh
7.36 ± 0.73 bc
2.12 ± 0.11 bc
1.37 ± 0.09 de
7.22 ± 0.33 cde
7.76–12.17 (12.42)
7.33–10.40 (7.28)
5.65–8.97 (9.92)
1.88–2.42 (5.40)
1.14–1.57 (6.71)
6.70–7.94 (4.56)
N17
10.53 ± 1.38 bc
10.47 ± 0.96 cde
7.95 ± 0.90 a
2.01 ± 0.13 gh
1.33 ± 0.13 ef
7.79 ± 0.54 a
7.90–13.20 (13.12)
9.04–13.03 (9.19)
6.35–10.06 (11.26)
1.81–2.40 (6.60)
1.01–1.67 (10.18)
6.70–8.74 (6.95)
E1
11.22 ± 1.65 a
11.51 ± 0.82 a
7.00 ± 0.99 cd
1.75 ± 0.12 k
1.60 ± 0.09 a
7.66 ± 0.49 ab
8.10–14.08 (14.73)
9.74–13.04 (7.15)
5.20–9.00 (14.09)
1.44–2.05 (6.70)
1.37–1.77 (5.32)
6.50–8.35 (6.34)
E2
11.15 ± 1.61 ab
11.61 ± 0.94 a
7.45 ± 0.95 b
1.69 ± 0.12 l
1.50 ± 0.12 b
7.08 ± 0.39 ef
8.10–13.78 (14.45)
8.98–13.10 (8.07)
5.45–9.22 (12.79)
1.47–1.97 (7.04)
1.25–1.74 (8.29)
6.35–8.05 (5.46)
E3
10.95 ± 1.60 ab
11.35 ± 0.90 ab
7.40 ± 0.78 b
1.75 ± 0.15 k
1.48 ± 0.14 bc
7.12 ± 0.53 def
7.69–13.80 (14.61)
9.96–13.39 (7.96)
5.57–8.95 (10.54)
1.50–2.04 (8.36)
1.13–1.81 (9.16)
6.00–8.19 (7.38)
E4
8.92 ± 1.67 ef
10.93 ± 1.28 bc
6.28 ± 1.03 ghi
1.83 ± 0.13 j
1.42 ± 1.16 cd
6.76 ± 0.50 ghi
6.71–12.25 (18.73)
8.50–13.70 (11.70)
4.48–8.84 (16.33)
1.53–2.19 (7.38)
1.12–1.86 (11.16)
5.97–7.86 (7.34)
z
Statistical parameters: X̅ ± SD, letter(s) (upper row); MIN–MAX (CV, %) (lower row). Any two means within a column not followed by the same letter(s) are significantly different at P < 0.05.

Supplemental Table 1. Continued

Ovary diam (mm)
3.37 ± 0.44 gh
2.50–4.39 (13.14)
3.39 ± 0.36 gh
2.59–4.00 (10.74)
3.62 ± 0.55 ef
2.72–4.80 (15.28)
3.74 ± 0.41 de
2.87–4.84 (10.95)
3.38 ± 0.28 gh
2.70–4.10 (8.23)
3.93 ± 0.52 bcd
2.68–4.80 (13.23)
3.98 ± 0.34 bc
3.34–5.00 (8.57)
3.64 ± 0.40 ef
2.67–4.54 (10.99)
3.64 ± 0.43 ef
2.71–4.62 (11.77)
3.82 ± 0.47 cde
2.92–4.98 (12.38)
3.46 ± 0.36 fg
2.80–4.10 (10.51)
3.62 ± 0.42 ef
2.70–4.50 (11.61)
3.22 ± 0.30 hi
2.64–3.90 (9.31)
3.30 ± 0.47 ghi
2.38–4.42 (14.15)
3.12 ± 0.43 i
2.05–3.76 (13.74)
3.17 ± 0.33 hi
2.30–3.85 (10.26)
4.06 ± 0.51 b
3.30–5.25 (12.68)
3.99 ± 0.35 bc
3.50–4.87 (8.80)
3.89 ± 0.54 bcd
2.92–4.80 (13.81)
4.58 ± 0.55 a
3.30–5.60 (12.04)
3.78 ± 0.55 cde
2.38–4.80 (14.66)
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34.25 20.95

19.94 12.90

3.45

6.60

3.43

5.09
18.84

8.39

9.71

6.72

Leaf width
Scape height

Spathe length

Spathe width
Pedicel length

Length of outer
perianth segments

Width of outer
perianth segments
Length of inner
perianth segments
Width of inner
perianth segments

5.50

7.01

3.56

Ovary diameter

5.25

8.74

1.77

2.53

10.06

13.03

13.20

28.02

7.90
31.43

2.9*–7.1**

4.9–8.6

—

—y

Flora Vascular, 2018

—

**Budnikov, 2011
—

Galanthus nivalis
Literature dataz
Range
Source
5–8
Davis, 2001
35*–350**
*Flora Vascular, 2018
**Zahariadi, 1966
2–15
Zahariadi, 1966
(20)70*–400** *Davis, 1999, 2001
**Zahariadi, 1966
20*–55**
*Van Ooststroom and
Reichgelt, 1964
**Radic, 2000
1.6–3.1
Flora Vascular, 2018
12*–72**
*Davis, 1999, 2001
**Radic, 2000
(10)15*–37** *Van Ooststroom and
Reichgelt, 1964; **Radic,
2000
2.9*–20**
*Flora Vascular, 2018
**Radic, 2000
6*–15**
*Webb, 1980; Radic, 2000
**Radic, 2000
3.4*–17 .7** *Flora Vascular, 2018
3.75
1.30

7.15

1.50

1.75

7.03

11.35

10.56

5.97

1.12

1.44

4.48

8.50

6.71

19.91 14.50

5.58
12.32

35.50 25.27

8.35

1.86

2.19

9.22

13.70

14.08

25.09

8.00
30.01

46.30

10.91 8.40 13.85
154.48 84.17 216.63

6*–8**

—

—
10–32

27*–30**

(2)3–12(23)
60*–200**

9

Stern, 1956

7–8

—

4

—
*Brickell, 1984
**Delipavlov, 1971
Stern, 1956

Webb, 1980

Davis, 2001

—

Davis, 1999
*Webb, 1980
**Brickell, 1984
Webb, 1980

**Artjushenko, 1970
—
Davis, 2001

Davis, 2001
*Davis, 1999, 2001
**Delipavlov, 1971
*Stern, 1956

Galanthus gracilis
Literature data
Range
Source
4–5
Davis, 1999, 2001
(23)55–160(240) Davis, 1999, 2001

Stern, 1956

Stern, 1956

Delipavlov, 1971

—

(12)18*–26(35)** *Zeybek and Sauer,
1995
**Davis, 2001
7*–15(23)** *Zeybek and Sauer, 1995
7*–14(22)** *Stern, 1956
**Davis, 2001
**Davis, 2001
7*–15**
*Zeybek and Sauer, 1995
7*–12**
*Brickell, 1984
**Brickell, 1984
**Davis, 1999, 2001
3*–8**
*Zeybek and Sauer, 1995
3*–7**
*Zeybek and Sauer,
1995
**Brickell, 1984; Davis, 2001
**Davis, 1999, 2001
—
—
—
—

15–28

—
14–31

25–40

(5)6–31(35)
80*–280**

Galanthus elwesii
Obtained data
Literature data
X̅
MIN MAX
Range
Source
4.95 2.50
7.40
5–8
Davis, 1999, 2001
160.34 65.40 245.04 (48)55–250(280) Davis, 1999, 2001

*Budnikov, 2011
4.06 2.38
5.60
5
**Flora Vascular, 2018
Style length
7.85 5.18
9.95
7.1*–9**
*Flora Vascular, 2018
9.08 7.45 10.88
9
**Stern, 1956
z
If they are from different literature sources, lower and upper limits are denoted by asterisk (*) and double asterisk (**), respectively.
y
Data not available.

0.60

1.25

2.05

1.57

2.05

Ratio of lengths of
outer to inner p. s.
Ratio of widths of
outer to inner p. s.
Stamen length

2.88
4.47

7.76 4.84 11.24
168.17 58.24 275.35

Sheet diameter
Leaf length

50.97

Obtained data
X̅
MIN MAX
5.11 3.26
8.60
160.26 59.97 246.26

Supplemental Table 2. Comparison of the obtained data with the literature data for 16 morphometric characters of Galanthus nivalis, Galanthus elwesii, and Galanthus gracilis.
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A/P
N1
N2
N3
N4
N5
N6
N7
N1
76.67z
3.33
N2
80.00
6.67
3.33
N3
10.00
76.67
6.67
3.33
N4
3.33
93.33
N5
10.00
73.33
N6
3.33
76.67
N7
3.33
3.33
83.33
N8
3.33
6.67
3.33
N9
13.33
N10
3.33
N11
3.33
3.33
N12
3.33
N13
3.33
6.67
N14
13.33
3.33
3.33
10.00
3.33
N15
N16
N17
3.33
3.33
E1
E2
E3
E4
6.67
z
Boldfaced values denote percentages of correctly classified specimens.
3.33
3.33

3.33
3.33
73.33

6.67

N8

76,67
3,33

3,33

N9
6.67

6.67

3.33

3.33
3.33
83.33
3.33
3.33

3.33

N10

3.33
86.67

3.33

10.00

N11

3.33

93.33

3.33

3.33
3.33

N12

3.33

80.00

3.33
3.33

N13

3.33

10.00
60.00

6.67
6.67
3.33

3.33
3.33

3.33

N14

96.67

N15

96.67
3.33

3.33

6.67

N16
6.67

76.67

6.67

N17
3.33

80.00
3.33
3.33
3.33

E1

13.33
83.33
10.00
3.33

E2

E3

3.33
6.67
86.67
3.33

Supplemental Table 3. Percentages of specimens from actual (A) and predicted (P) groups of Galanthus nivalis (N1–17) and Galanthus elwesii (E1–4) according to the classificatory discriminant analysis.

80.00

3.33
6.67

E4
3.33

